Abstract. We report results from our monitoring of the BL Lac object Mrk 421 in the near-IR J band. The observations, aimed at studying the intraday variability (IDV) of the object, were carried out systematically over an extended (and near-continuous) period of eight nights from the 1.2m Mount Abu Infrared Telescope, India. There are limited studies for Mrk 421 in the J band for such an extended period. The observation epoch for this study (25 February -5 March 2003) was chosen to significantly overlap other concurrent studies of Mrk 421 in the X-ray/γ-ray regions being conducted using the Rossi X-ray timing explorer (RXTE) and the solar tower atmospheric Cherenkov effect experiment (STACEE). Hence these results could be useful for a multi-wavelength analysis of the variability behavior of Mrk 421. We find that Mrk 421 was quite active during the observed period and showed significant IDV and short term variability. A maximum variation of 0.89 magnitudes is seen over the entirety of the observed period. Flaring activity, with typical brightness variations of ∼ 0.4, are also seen on several occasions. The extent of the variability observed by us is compared with the results of other similar studies of Mrk 421 in the J band.
Introduction
In this work we report our studies of the BL Lac object Mrk 421. BL Lac objects are a class of radio-loud active galactic nuclei (AGNs) and a subclass of blazars. They often show large and violent variations in the complete electromagnetic spectrum and their emission is strongly polarized. Their radiation at all wavelengths is predominantly nonthermal. Compared to radio frequencies, more rapid changes are seen to occur at optical and near-IR bands (Stein et al. 1976) . Using an orientation-based unification scheme for radio-loud AGNs, a BL Lac object is considered to manifest itself when the relativistic jets emerging from the very core of the galaxy are pointing nearly towards the observer (Urry & Padovani 1995) .
In general the spectral energy distribution (SED) of blazars has two components. The first component peaks in the IR-to-optical region for the so called red blazars (or low energy blazars -LBL) while it peaks in the UV/X-ray region for the blue blazars (or high energy blazars -HBL) (Padovani & Giommi 1995) . The origin of the first component is attributed to synchrotron emission from high energy electrons in the relativistic jet. The second component, which extends up to γ-rays, peaks at GeV energies in Send offprint requests to: A. C. Gupta
LBLs and at TeV energies in HBLs. The high energy peak is generally attributed to Inverse Compton (IC) scattering of soft photons. However, the origin of the soft photons that seed the IC component of blazar spectrum is not a well understood aspect in the study of blazars.
Mrk 421 was first noted to be an object with a blue excess which turned out to be an elliptical galaxy with a bright, point like nucleus (Ulrich et al. 1975) . The object showed optical polarization and the spectrum of the nucleus was seen to be featureless -an aspect common to BL Lac objects. It is a nearby BL Lac object (z = 0.031) which is classified as an HBL source because the energy of the synchrotron peak in its SED is higher than 0.1 keV. It is the brightest BL Lac object at X-ray and UV wavelengths. Mrk 421 was the first extragalactic source discovered at TeV energies at the 6 σ level by the Whipple group (Punch et al. 1992) which was confirmed by the high energy gamma ray astronomy (HEGRA) group (Petry et al. 1996) . It is the first AGN detected by STACEE in the 140 GeV band (Boone et al. 2002) . It is one of the AGNs detected by the energetic gamma ray experiment telescope (EGRET) instrument in the 30 MeV -30 GeV energy range by the Compton gamma ray observatory (CGRO) (Thompson et al. 1995 (COMPTEL) has also detected Mrk 421 in the 10 -30 MeV range at the 3.2 σ level (Collmar et al. 1999) .
Blazar variability can be broadly divided into 3 classes viz. microvariability or intra-day variability (IDV), short term outbursts and long term trends. Significant variations in flux of a few tenths of a magnitude over the course of a day or less is often known as microvariability. Short term outbursts can range from weeks to months and long term trends can have time scales of several years. The first convincing evidence of optical IDV was found in the blazar BL Lacertae (Miller et al. 1989) . Specifically, Mrk 421 has been studied for variability in all regimes of the electromagnetic spectrum. Large and fast variations are often found in the optical -e.g a large optical variation of 4.6 mag has been seen in Mrk 421 (Stein et al., 1976) and rapid optical variability is well exemplified by the detection of a 1.4 magnitude brightness change in the object in a 2.5 hour period (Xie et al., 1988) . In the near-IRthe region with which we are concerned here-there have also been efforts to monitor variability in Mrk 421. An exhaustive compilation summarizing all the near-IR results of Mrk 421 stretching over three decades is given in the recent work by Fan & Lin (1999) . From this work, and also subsequent reports, we note that there have been very few studies of micro and short-term variability of Mrk 421 in the J band. The notable studies in this respect are those by Takalo et al. (1992) , Makino et al. (1987) and Kidger et al. (1999) . The study by Takalo et al. (1992) gives shortterm variability in 2 nearby slots ( JD 2448272-2448280 and 2448324-2448335) with durations of 9 days and 12 days respectively. However their data gives one J magnitude per night and the sampling is generally over alternate nights -a total of 12 J magnitudes are reported. Makino et al's (1987) results constitute a part of an extensive multi-wavelength campaign. However we concern ourselves here with only their J band results which give single point data per night for 5 continuous nights. Kidger et al.(1999) have studied IDV over a period of 3 hours in one night. Thus there is limited work which studies both IDV and short term variability in the near-IR bands with a good sampling rate. In view of this we decided to pursue the present study which addresses both the IDV and short term variability of Mrk 421. In addition to the above motivation, we were also made aware (Bhat, 2003 ) that a multi-wavelength campaign using RXTE and STACEE was to be conducted for Mrk 421. We therefore have synchronized most of our observations with as many observation slots of the RXTE schedule as was possible. Hence the present J band data give simultaneous information in an additional spectral window. These observations should therefore make it possible to search for correlations and time delays between different spectral regions. Thus the present work could give useful input to multi-wavelength modeling of the Blazar phenomenon aimed at understanding the causes for their variability. Photometry in the J band was done at the Mt. Abu 1.2m telescope using a Near Infrared Imager/Spectrometer with a 256×256 HgCdTe NICMOS 3 array. The instrument was used in the imaging mode with a ∼ 2 × 2 arcmin 2 field. Mrk 421 was observed continuously on all nights between 25 February and 5 March 2003 except on March 01, 2003 when unfavorable sky conditions did not permit observations. The sky was photometric during all epochs of observations. It would have been preferable if the object, standard and comparison stars were all present in the same image frame -this would have minimised the errors caused by sky transparency and seeing on the derived magnitudes of Mrk 421. Since there are no bright stars in the ∼ 2 × 2 arcmin 2 Mrk 421 field that can serve this purpose, we have chosen very nearby standard and comparison stars to circumvent this problem. The UKIRT standard star HD 105601 (J=6.821) was used for photometric calibration for all observations. Also, as a reliability check for any observed variations in Mrk 421, the comparison star HD 95884 was observed. Mrk421, HD 105601 and HD 95884 were all observed at similar airmass to minimize atmospheric extinction corrections in their derived magnitudes. Observations of the comparison and standard stars were done just before or immediately after the observations of Mrk 421. The standard and comparison stars were observed once during the course of the night on four epochs viz. 25, 26, 27 February and 4 March, twice during 2, 3 and 5 March and thrice on 28 February. The sequence of observations, for each of the standard/comparison stars and Mrk 421, involved the following procedure. Several images were obtained, in at least four dithered positions, offset by approximately 30 arcseconds. The dithered frames were mediancombined (using IRAF) to generate the corresponding sky frame which was then subtracted from the object frames. Aperture photometry was done at each dithered position using the APPHOT task from IRAF to yield an instrumental magnitude. Since the observation cycle is small for the standard and comparison stars (both being bright), their derived magnitudes from the different dithered positions were averaged to yield a mean value. The aperture size, during aperture photometry, was chosen to be generally four times the FWHM of the recorded stellar image (i.e typically 6-8 arcseconds). The atmospheric correction for the instrumental magnitudes was done using an average extinction coefficient of k j = 0.15 for the J band for the Mt. Abu Observatory site. A detailed log of the observations and the derived magnitudes for Mrk 421 is presented in Table 1 . Similar details for the comparison star HD 95884 are given in Table 2 . From Table 2 it is seen that the mean J magnitude of HD 95884 of 6.705 agrees well with its 2MASS magnitude of 6.693.
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Results and Discussion
We have shown in Fig. 1 the J band light curve of Mrk 421 on the individual nights of observation. The periods of overlap of our data with RXTE observations are also indicated. From our data it is seen that the maximum variation of the source is 0.89 magnitudes (between its brightest level at 11.12 mag on JD 2452696.399 and faintest level at 12.01 mag on JD 2452698.260). In comparison, the data from Takalo et al. (1992) show a maximum change of 0.32 mags during their observations while the Makino et al. (1987) observations show a marginal change of only 0.03 mags. This shows that the source was quite active during our epoch of observations. In terms of flux variation, the observed 0.89 magnitude change corresponds to a large 84 percent peak-to-peak variation in the average J band brightness of Mrk 421 (the average J magnitude for the 95 observed data points is 11.559). It also appears that the faintest level of the source detected by us (12.01 magnitude) could might be possibly be the faintest recorded magnitude for this object (by comparing with data from Fan & Lin; It is useful to examine how the observed J magnitudes of Mrk 421 are affected by variations in the seeing conditions. A variation in seeing can lead to a change in the observed brightness of Mrk 421 because of differing brightness contributions -within a measuring aperture diameter -from the host galaxy that surrounds Mrk 421. A detailed study in this context has been done by Nilsson et al. (1999) in the R band for three BL Lac objects including Mrk 421. While their R band results cannot be extrapolated directly to the J band observations reported here, it is still instructive to make an assessment of the effects of seeing on the J magnitudes reported here. From the compiled data of Nilsson et al. (1999; refer Table 6 ), by choosing an aperture diameter of 7.5 ′′ -which is quite represenative of the aperture used in the present studies -it is seen that a variation in the seeing from 2 ′′ to 4 ′′ changes the relative contribution of the host galaxy to the observed R magnitude of Mrk 421 from 0.04 to 0.18 magnitudes i.e. a change of 0.14 magnitudes for a 2 ′′ change in seeing. In this respect we have given the seeing value in arc seconds for the comparison star HD 95884 in Table 2 . The seeing was estimated by measuring the full width at half maximum of the stellar images of this star. The seeing values during the Mrk 421 observations can be assumed to be similar to those of HD 95884 since observations of both objects were separated by small time differences and were also made at similar airmass. As may be seen from Table 2 , the seeing values were fairly constant and did not vary significantly during the different epochs of Mrk 421 observation. Thus we would infer that the small, observed changes in the seeing could have only a marginal effect on the observed J magnitudes. The above arguments would therefore indicate that the observed short-term and intraday variability in Mrk 421 -the central point of this study -that are reported here are reliable. It is however outside the scope of this work to construct two-dimensional photometric maps of Mrk 421 to "clean" the observed J band magnitudes of the host galaxy contribution as has been done in the detailed analysis by Nilsson et al. (1999) .
From different multiwavelength campaigns it has been seen that strong optical variations are generally not seen during X-ray and γ-ray flaring events (Tosti et al. 1998 and references therein). However, there is some evidence that optical flares are generally accompanied by X-ray and γ-ray flares (Hartman et al. 2001) . A similar correlated variability is also seen for the radio region. Katarzyński et al. (2003) shows a well defined correlation between observed radio outbursts in Mrk 421 with a corresponding X-ray outburst and a γ-ray flare in the TeV range. Since considerable flaring activity is seen in the present J band data, it will be interesting to see whether there is correlated variability in the X-ray/γ-ray regimes. RXTE and STACEE observations, which have been done simultaneously, can confirm this.
There are several models that explain the intraday and short term variability in blazars viz. shock-in-jet models, accretion-disk based models and plasma-process related models that can explain IDV over an extended range of wavelengths (Wagner & Witzel 1995, Urry & references therein) . The observed variability in our present data -taken by itself -could be consistently explained by any successful model for IDV. However, when taken in conjunction with X-ray/γ-ray data it may provide a more definite insight into the observed IDV in Mrk 421. 
